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Abstract: The paper seeks to determine the factor of urban housing values and their effects on 
the well-being of urban residents in terms of access to potable water, quality sanitation and other 
housing amenities. The study uses a total of 36 variables on structural, environmental and 
neighborhood attributes from the 2010-2011 survey data on income, expenditures and living 
conditions for the Rwandan urban households. With the use of the semi-log form of the hedonic 
price model and the survey data, factors of urban properties are determined and quantitative 
estimates of the Willingness-to-pay for environmental amenities are determined. The analysis of 
the results show that residents give greater value to environment amenities. The coefficients for 
access to potable water, quality sanitation, and electrical connections are statistically significant 
and positively affect urban property prices. Quantitative estimates of the Willingness-To- pay 
indicate that urban residents are willing to pay more to access attributes that maximize their 
utilities.  
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I. Introduction 
The rapid expansion of many cities in the developing world due to urbanization, 
population growth and economic development creates numerous problems. With economic 
development there is an increasing need to build commercial and residential buildings. The 
demand for land and its limited availability make it a scarce resource. In addition, land falls 
under laws, zoning regulations, titling and convoluted registration programs. These regulations 
make it difficult for low-income people to access this scarce resource.  The lack of credible 
nationwide databases on land transactions also makes it difficult to estimate the exact value of 
land. 
These problems are particularly noticeable in developing countries. Records of land 
transactions are often inexistent or extremely limited. Developed countries mostly rely on 
various large transactional datasets to assess land values. This includes market data on 
transactions, attributes of the property, as well as ancillary data concerning potential income 
from land, and the costs of inputs into land development (Lozano-Garcia et al., 2013). 
Developing countries usually lack the systems to record and manage this information. Hence it is 
increasingly difficult to valuate lands in many countries, particularly those in Sub-Saharan Africa 
where the land market is dominated by the informal sector. 
 Like many developing countries, Rwanda faces land problems. Land is a scarce resource 
because of demographic and geographic barriers. Rwanda is a small, densely populated country 
with a population of 12,012,589 (CIA FACTBOOK, July 2013 est.). It is surrounded by high 
mountains and hills from which Rwanda derives its name of Land of a Thousand Hills. The 
government does not allow houses to be built on top of mountains. This forces people to live in 
the valleys and diminishes the small amount of available land. 
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 Over the past eight years Rwanda has experienced phenomenal economic growth with 
Gross Domestic Product (GDP) – per capita (PPP) rising to USD$ 620 (World Bank 2012 est.) 
from USD$ 226 (World Bank 2004 est.). Growth and development in urban areas, especially in 
the capital Kigali, has been fast-paced. This is perhaps reflected by sectors that contributed the 
most to the GDP, which are: the industry sector (14,8%), agriculture (31,9%) and services 
(53,3%) (CIA WorldFactbook, 2013 est.). Interests in land sales and rental markets are also 
growing amidst strong economic development. However, the factors influencing land/property 
values and the effects of urban land dynamics on livelihoods have been hardly studied. A full 
understanding of this market still influenced by the informal markets remains elusive (Sagasha & 
English, 2009). Most importantly, there has been no rigorous study done in Rwanda looking at 
the factors influencing urban land and property values.  
This study seeks to understand the factors influencing land values and how these factors 
affect the wellbeing of people. First it will estimate the Willingness to Pay (WTP) for access to 
housing amenities, such as safe water, good sanitation and other social and economic 
infrastructures.  This will be done by applying the empirical theory of hedonic pricing model on 
structural, environmental, and neighborhood characteristics using the 2010-11 Survey on 
household Living Conditions gathered by the Government of Rwanda (GoR). With these 
estimates, the study will propose policy recommendations for equal access to quality housing.  
Section II provides an overview of urban land and policies in Rwanda. Section III, a 
literature review presenting the theoretical and empirical description of the hedonic pricing 
model. Section IV discusses the study’s methodology. Section V presents the sample area and 
data. Section VI interprets the hedonic results. Finally, Section VII concludes with policy 
recommendations. 
2. Overview of the Rwandan urban land and Policies 
2.1 Urban Land 
Rwanda is a landlocked country with a high population estimated 12,012,589 (CIA 
FACTBOOK, July 2013 est.). The population has mostly grown in the capital Kigali, and the 
Northern and Eastern provinces. The capital Kigali has the largest proportion of the urban 
population at 44%. The population imbalance is due to the fact that economic activities are 
mainly concentrated in the capital. More than 70% of industrial activity, 50% of the wholesale 
business and 70% of the banking sector are located in the capital. With a high population density, 
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Rwanda faces problems caused by rapid urbanization, scarcity of land, proliferation of unplanned 
settlements, and environmental degradation. 
The Urban housing in Rwanda is structurally unbalanced. Urban housing developments 
are still unplanned though the government has been working on the planning of urban centers. 
Urban settlements are determined by level of income. While high income people tend to live in 
upscale neighborhoods, low income people have maintained the practice of settling in unplanned 
areas. This practice makes the level of infrastructure facilities and services less desirable in 
unplanned areas. As of 2008, the informal sector and unplanned settlement represented between 
80 and 90% of common housing in the principal urban centers of Rwanda (GOR, December 
2008). 
1.2  Rwandan Land Policy 
In 2008 the Government of Rwanda passed the National Urban Housing Policy for 
Rwanda. This policy gives more attention to urban planning and development. It is based on the 
national objectives contained in the Vision 20201, and the Economic and Poverty Reduction 
Strategy (EDPRS)2. The Vision 2020 forecasts that the urban population will reach 30% of the 
national population. This 30% will live in planned cities with access to basic infrastructure 
necessary for sustainable development. The Master Plan and Urban Development, also called 
Land Use Management Plans, are the urban planning tools used to upgrade unplanned 
settlements with the provision of adequate social infrastructure. 
  Under Vision 2020 as of 2010, each city would have to use these tools to further urban 
planning. In addition, Vision 2020 recognizes the need for people to have access to potable 
water, decent sanitation, and planned settlement with strict zoning requirements as an accepted 
form of housing development in urban centers. The policy recognizes that providing access to 
good, basic services and infrastructure facilities ought to be the most important element in 
determining the quality of life of the population.  
However, these initiatives lack pro-poor initiatives. The purchasing capacity of land 
remains in the hands of the riches, because they are able to meet the standards set in Master 
Plans3. Although important for generating public revenues and economic growth, their 
                                                          
1
 Rwanda’s long-term development goals are embedded in its VISION 2020, which seeks to transform Rwanda from 
a low-income agriculture-based economy to a knowledge-based, service-oriented economy by 2020. 
2
 EDPRS’s goal is growth acceleration and poverty reduction through its four thematic areas: economic 
transformation, rural development, productivity and youth employment as well as accountable governance. 
3
The Master Plan’s goal is to ensure sustainable urban development through the balancing of ecology, 
equity, and economy. This goal will have to be unfolded through the protection of the natural 
environment, promotion of equitable solutions that protect the interests of all people including 
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application sometimes leads to expropriation of low income urban dwellers. They are 
expropriated, and subjected to settle out of the planned areas, mostly in peri-urban areas. This 
city development approach simply stimulates the new proliferation of informal settlements which 
are health-endangering residential areas, and contributes to the bad management of land, and 
environment degradation. In addition, low income dwellers are deprived of the freedom to decide 
over and shape their lives, and be the direct beneficiaries of the value of their land. Yet, secure 
land rights are fundamental to the reduction of poverty in emerging economies and enhancing 
economic development (David Niyonsenga, April 2013). 
 
3. Literature Review 
3.1 Theory of Hedonic Pricing Model: Abbreviated History 
The hedonic price establishes the relationship between housing price and different 
property characteristics. The earliest application of the hedonic pricing model was in agriculture. 
George Casper Haas (1922) is believed to be the first to apply this price model. He applied the 
model to establish agricultural land price in Blue Earth County, Minnesota. Similarly to Haas, 
H.A. Wallace (1926) used the hedonic model to study farmland prices and vegetation in Iowa. 
Haas found that farm land prices were influenced by factors such as the type of land, crop yields, 
distance from markets, size of the adjacent city, type and size of the road next to the said 
farmland.  
The automobile industry was the next to apply the hedonic price model. Court (1939), an 
automobile analyst, was the first to estimate a hedonic pricing model as a function of commodity 
attributes. Court (1939) determined the prices of automobiles by taking into account components, 
such as horsepower, braking capacity and window area. His work paved the way for the concept 
of composite commodity and the semi-log functional form. Extending Court’s work, Griliches 
(1958) constructed an automobile price index by using automobile models as units of analysis 
and the semi-log for the price index equation.  
Kelvin Lancaster (1966) provided a microeconomic foundation for estimating the value 
of utility-generating characteristics with a natural application to housing. Lancaster’s work 
focused on the demand side of the market. He used the concept of composite goods put forth by 
                                                                                                                                                                                           
marginal populations, and the support of economic development opportunities for all with appropriate 
urban development and infrastructure. Among its features, it highlights the basic needs and livability of 
the City for its citizens: adequate housing, education and workplace opportunities, infrastructure and 
transport, healthcare and services, and quality of life ( Niyonsenga, 2013).  
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A.T. Court (1939) that goods are a bundle of characteristics. This means that when a consumer 
buys a commodity he or she doesn’t buy the product per se, but the product’s characteristics. The 
applicability of Lancaster’s theory to housing is important because of the utility-generating side 
of homes. For instance, I am happy in my house, not so much to be in something called a 
“house”, but because of the quiet neighborhood, a great view on the ocean, the proximity to the 
business district, a functioning toilet, a garage, and some rooms to store extra furniture. 
Lancaster’s focus on the demand side of the market was an inspiration to many microeconomist 
theorists, in particular Rosen (1974).  
 Sherwin Rosen (1974) proposed a model of product differentiation based on the hedonic 
hypothesis that stated goods are valued for their utility-bearing attributes and characteristics. 
Rosen based his hedonic price on a nonlinear model with a two-stage estimation. Rosen’s 
product differentiation model also moves towards the construction of implicit market for 
characteristics contained in differentiated goods. A house, for example, is made of different 
characteristics such as the size of the room, the availability of flush toilet, the type of floor 
material. Some characteristics are more important than others. People have different preferences 
with respect to those attributes or amenities. As such, the hedonic equation serves to assign an 
implicit price to each attribute based on a consumer’s preference for particular attributes. A 
consumer’s preference for particular housing characteristics contributes to his utility 
maximization. 
The empirical approach always used to understand the functioning of urban land and 
property prices is the hedonic pricing model. The theory was first established by Court (1939) 
while structuring the price index of vehicles as a function of the automobile’s different 
characteristics. Coldwell and Dilmore (1999) believed Haas to be the first users of the hedonic 
price model. Haas (1922) used the concept of hedonics to set up a simple hedonic price model 
for farmland, taking the distance to the city center and the city size as two important 
characteristic variables. 
Ridker (1967) was one of the earliest scholars to apply the hedonic price theory to 
analyze the housing market. He used housing data to set up the hedonic price model and 
calculated the impact of improving environmental quality (such as the elimination of air 
pollution) on housing prices. Since then, many papers have been written on the valuation of land 
prices. 
3.2  A Review of Today’s Determinants of Housing Prices 
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Many studies have been conducted concerning the valuation of land throughout of the 
world. One significant study is that of B.C. Arimah (1992). He presents an empirical analysis of 
the determinants of the demand for housing in a developing country, the city of Ibadan, Nigeria, 
using Rosen’s (1974) two-step estimation procedure. Arimah conceptualized housing as a 
multidimensional package of goods and services that affect its value (Harvey, 1972). The first 
step was to regress a measure of housing prices on all housing attributes using the best fitting 
functional form from which a set of marginal prices is obtained. These marginal prices are 
estimates of the household’s willingness to pay for marginal increases in individual housing 
attributes. In the second step, the marginal implicit prices and quantity of various housing 
attributes are used as endogenous price and quantity vectors in the estimation of the demand 
function. The empirical results of this study reveal that the most important determinants of the 
demand for housing attributes are income, prices of the said attribute, household size, and the 
occupation of the head of household. 
 G. Stacy Sirmans, David A. Mcpherson and Emily N. Zietz (2005) provide a review of 
125 recent studies that used hedonic modeling to estimate house prices in the United States. 
Sirmans et al. show that hedonic modeling can be useful in addressing a number of issues in 
housing valuation. It has been used in valuing not only the obvious components such as square 
footage, bathrooms etc., but has also been useful in measuring the effects of other issues such as 
school quality, proximity to a landfill or high voltage lines, and the effect of non-market 
financing. Recent studies that estimated hedonic pricing aims to determine variables that are 
consistent in housing prices across geographical regions. 
 Some major variables that consistently affect sales are square footage, lot size, age of the 
dwelling and a swimming pool. Perceived school quality consistently has a significant effect on 
selling price. The value of a garage is consistent across regions in the 6 to 12% selling price 
range. In addition, central air conditioning is consistently important in all regions with the 
greatest effect in the Southwest. Each additional bathroom in a house seems to affect selling 
price in the 10 to 12% selling price range. 
 The work of L.S. Rikko and J.Y. Dung-Gwom (2006) is another extensive study that can 
be used in evaluating land market values in peri-urban centers. This paper looks at land values in 
six selected peri-urban areas of Jos, Nigeria. These areas were selected by virtue of their 
location, size, scale, and pressure from development. The study on land values on the urban 
fringes of Jos attempts to identify and document land prices at the peri-urban centers in relation 
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to the surrounding rural and urban factors responsible for variation. Rikko et al. found 
urbanization is an important determinant of land values in African cities, Nigeria in particular. 
 A variable such as location confers some measure of value on a property, which is why 
some people, no matter of their socio-economic status, prefer specific neighborhoods no matter 
the cost. This attitude was confirmed by Ezra (2006) who found that plots located in more 
accessible locations tend to attract higher prices than those in hidden location without any roads. 
Finally, security also plays a greater role in influencing land values. Security indicates the 
willingness to pay any price if the land is within the secured environment or neighborhood. 
Another paper of interest is that of Sumila, Ellen M. Bassett & Debabrata Talukdar 
(2012). They look at the living conditions, rents, and their determinants in the slums of Nairobi 
and Dakar. They also investigate rental housing in the slums of these cities. Using the World 
Bank’s data on households in the settlements of Dakar and Nairobi, Sumila et al. comparatively 
analyze the informal rental market in the two cities. To identify the drivers of rent in the slums of 
the two cities, they conducted the hedonic form regression analyses with log of monthly rent as 
the dependent variable. They used four sets of explanatory variables in the analysis: the unit size 
and quality, the infrastructure at the unit and neighborhood level, neighborhood conditions and 
location, and the tenancy agreement. 
 The multivariate regression analyses show that rents in the two cities are correlated with 
exactly the same factors: rents increase with unit size and quality. Rents are higher for units with 
electricity and reasonable access to toilet. Finally, in Dakar, neighborhood factors such as public 
schools and owners’ perceived safety of their neighborhoods have a positive impact on perceived 
home value. 
These findings shed light on the scale and nature of demand for housing among lower-
income households. The studies suggest that there may be opportunities for innovative 
approaches, including private partnerships in the delivery of housing quality to this segment of 
the population. 
The hedonic price model can help estimate the valuation of housing and environmental 
amenities. David and Daniel (1978) used the hedonic price model and data from the Boston 
Metropolitan area to measure the willingness-to-pay for clean air. They presented five 
formulations of the willingness-to-pay equation, all based on a housing value equation. The first 
two equations assume a linear relationship between the willingness to pay for a marginal change 
in NOX (Nitrogen Oxide) concentration and the NOX level, household income (INC) and 
persons per dwelling unit (PDU). The other three equations used postulate a log-log relationship. 
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They found that the willingness to pay for marginal reduction in air pollution increases with 
pollution levels and with household income. 
The final paper of interest is that of Randall et al.(1997). This paper estimates a hedonic 
model for household level data in the slums of Jakarta and Bangkok to provide comparative 
information about how the poor value environment amenities and basic infrastructure access. 
Randall et al. estimated marginal implicit prices for public goods using instrument variables. The 
implicit prices were evaluated at the mean values of each attribute for each sample. The results 
for only statistically significant prices show that the value of a piped water connection, for 
example, in Bangkok is relatively high ranging from $231 for owners to just over $200 for 
squatters. Legal access to electricity in Bangkok is valued by owners at up to $868 and renters 
about $100. 
4. Methodology 
4.1 Hedonic Pricing model for the Rwandan Housing Market 
The Rwandan housing market can be expressed by the following linear equation, which 
contains a bundle of structural, neighborhood, and environmental attributes: 
P= f (Xs, Xn, Xe ……..Xk)                            [1] 
where P is the market price of the house, and Xs, Xn, Xe …………Xk are respectively structural, 
neighborhood, and environmental characteristics respectively, as well as k attributes. The partial 
derivative of the equation, with respect to each housing attribute, provides information on the 
implicit price of housing characteristics. For instance, the implicit price of k particular attribute 
can be expressed as follows: 
PXk = ∂ P⁄ ∂Xk      [2] 
At the second step of the equation, the implicit price of an individual attribute could be deduced. 
However, this hedonic equation implies that the supply of each and all housing characteristics is 
perfectly elastic in that each and all additional housing attributes would have the same value.  
 There have been major concerns about the choice of the functional hedonic price model 
because there is no guidance from present economic theory about the complicated relationship 
between housing price and its multiple attributes. For this reason, a different transformation of 
the hedonic price model will be used for this research’s purpose.  
4.2 Chosen Functional Hedonic Model for Rwanda 
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For this study, two functional forms of the hedonic price models are used to find the 
determinants of urban land market values. The two functional forms test the relationship between 
property prices and the selected housing characteristics, namely the linear (Eq.3) and the semi-
logarithmic functional forms (Eq.4). When the relationship is assumed to be linear, the estimated 
equation is expressed as: 
P= Xβ+ ε        [3] 
where P is the estimated price of the property, and the vectors Xs, Xn, Xe are correspondingly for 
structural, neighborhood, and environmental attributes collapsed into a larger vector X. But the 
problem with the linear model is that it doesn’t help estimate the appropriate  
 
 
 
percentage change in housing price due to a change in particular housing attribute, as shown in 
Table 1. That is why using the semi-logarithmic functional form would help estimate the effects 
of each independent variable on the housing price. For example, with the linear model, the value 
added by a third bathroom to a one-bedroom house is the same as it adds to a five-bedroom 
house. This seems unlikely. The semi-log model allows the value added to vary proportionally 
with the size and quality of the home. 
LnP= Xβ + ε        [4] 
where LnP is the natural log of property price, X is the collapsed vector for housing attributes, 
and ε is the error term. 
 The latter equation is the most widely used in the Ordinary Least Square (OLS) model, 
with the price specified in natural log and regressed against unlogged independent variables. The 
semi-log has many advantages over the linear model: 
(1) It allows for variation in the dollar value of each housing attribute; 
(2) The coefficient can be easily interpreted as the percentage change in the price given a 
one-unit change in the characteristic; 
(3) The semi-log model helps minimize the problem of heteroskedasticity, different variance 
and dispersion; 
(4) Taking the log of estimated property price narrows its range. This is true for variables 
that can have large monetary values, such as a firm’s annual sale. 
Narrowing the range makes OLS estimates less sensitive to outlying or extreme values. Every 
value is evenly distributed as illustrated below by the estimated Kernel Density: 
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Table 1: Kernel Density Function for Log Rent Price 
 
 
5. Sample Area and Data 
 The data sample used for this study are secondary data collected by the National Institute 
of Statistics of Rwanda (NISR) with the support of the Rwandan Ministry of Finance and 
Economics Planning. The data type is a survey measuring income, expenditures, and household 
living conditions. It is the third series of periodic standardized income and expenditure surveys 
conducted every five years by the GOR (Government of Rwanda). 
The first survey, called Enquête sur les conditions de vie des ménages (EICVI)- (Survey 
On the Living Conditions of Households), was conducted between 2000-01. The second and the 
third surveys were conducted between 2005-06 and 2010-11 respectively. This research will 
focus on the latter series of data. These data come from a national survey on urban and rural 
households. 
The technique used for this data collection was the cluster method. The geographic units 
selected for the survey were clustered in households within the chosen urban and rural areas. The 
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geographic units (or households) were grouped based on differences in neighborhood, structural 
characteristics, and zoning status. This results in clusters that are relatively homogeneous in 
terms of location attributes; these attributes would be uniform within households in a particular 
cluster. In addition, this approach ensures that the diversity within urban and rural areas was 
captured during the survey. Each household in the selected cluster was then randomly chosen for 
the survey. 
The segment of the survey on housing, services, and income includes a total of 200,447 
observations and 280 variables. The survey covers five provinces including Kigali City, Southern 
Province, Western Province, Northern Province, and Eastern Province as well as thirty districts. 
 
 
 
 
 
 The data distribution shows that most of the observations came from the rural areas of 
Rwanda with a total of 170,343 observations, while the urban areas have a total of 30,104 
observations. Within the rural regions the highest concentration of observations is within the 
Southern Province, and the lowest observation is within Kigali City. Within the urban areas the 
highest concentration of observations is within Kigali City, and the lowest observation is within 
the Northern Province as shown by Table III. 
Sourthern 
Province
Western Province Eastern Province Northern Province Kigali City
Urban 6,893 2,860 2,016 1,854 16,841
Rural 46,887 44,228 45,025 31,809 2,394
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 Additionally, I combined data on services and occupation with housing data to control for 
publicly-provided amenities, such as infrastructure, school, health clinics
services. I combined income with housing data to see how it
households’ Willingness-To-Pay (WTP) for these ameniti
policy implications for this study.
urban land/property values the observat
analysis will be based on the 30,104 observations; these consist of variables of
housing, household, environmental, 
 
5.1 Selection of model variables
 Explanatory variables chosen for this study are given in 
housing structural characteristics
Southern Province
23%
Western Province
9%
Eastern Province
TABLE III: DISTRIBUTION OF DATA IN URBAN AREAS
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(5) variables to neighborhood characteristics. Thus, a total of (35) variables are selected for this 
research. The distribution of chosen variables is provided in the table below:  
 
 
 
 
 
 
 
Table IV: Chosen Variables for the Rwandan housing Market 
First Category:  Structural Characteristics 
Variables for the Hedonic Pricing Model 
Definition of hedonic variables 
Variables Definitions 
Structural Characteristics 
areafloordwelling area of the floor for dwelling 
numborooms number of rooms occupied by households 
Main Floor materials 
beatenearth beaten earth is main floor material type 
hardeneddung  hardened dung is floor material type 
woodenfloor wooden floor is floor material type 
claytiles clay tile is floor material type 
cement  cement is floor material type 
bricks bricks is floor material type 
othermflormat other floor materials 
Type of dwelling 
singlehousedwel  single house dwelling 
multhhdwel  multiple household dwelling 
multistorybdg  multi storied building (flat) 
grpencldwelmult  group of enclosed dwellings with multiple stories 
14 
 
grpencldwelsing  group of enclosed dwelling for single house 
othertypodwel  other 
Note: Variables in blue are the ones controlled for in the regression. Area of the floor for dwelling 
And number of rooms are continuous variables and others are dummies. 
 
 
Second Category: Environmental & Household Characteristics 
Type of toilet 
flushtoilet flushing toilet 
pitlatsolslab pit latrine with solid slab 
pitlatwitoutslab pit latrine without slab 
othertoilet other 
notoilet no toilet whatsoever 
Main source of drinking water 
pipeddwell piped into dwelling 
pipedintoyard piped into yard 
publicstandpipe public standpipe 
borehole borehole 
protwell protected well 
protspring  protected spring 
unprotspring unprotected spring 
rainwater rain water 
tankertruck tanker truck 
riverlake surface water (river or lake) 
Main sources of lighting 
electRRWASCO electricity from RECO RWASCO 
otherelectdist other electric distributors 
biogaz biogaz 
generator generator 
oillamp oil lamp 
firewood firewood 
candle candle 
lantern lantern 
15 
 
solar panel solar Panel 
Piles piles 
Note: Variables highlighted in green will be controlled for in the regression as dummies. 
 
It is important to introduce environmental amenities into the hedonic equation to estimate 
the economic value of these attributes to the housing value. Water and sanitation, though they 
play significant role in private-and-public sector roles, are often neglected in policy-oriented 
housing studies. Various studies in the developed and some developing countries have 
established the relationship between housing prices and environmental amenities (Ridker & 
Henning, 1967; Sumila et al., 2012). 
Third Category: Neighborhood characteristics 
Type of habitat 
umudugudu  resettlement neighborhood 
unplanrural unplanned clustered rural housing 
isolatedrural isolated rural housing 
aglomeration aglomeration 
unplannedurb unplanned urban housing 
modernplanurb modern planned area 
Type of services 
mdrwats main drinking water source 
neamk nearest market 
putrans public transport 
alweatrds all-weather roads 
prprimsh pre-primary school 
primsch primary schools 
secsch secondary schools 
disthosp district hospital 
heathcent health center 
sectoroff sector office 
celloff cell office 
intsrvs internet services 
pblictel public telephone 
16 
 
seksrvs secretarial services 
Note: Variables in yellow are controlled for in the regression as dummies. 
 
 
The descriptive statistics for the selected variable is provided in table V. 
Table V: Summary Statistics     
      
 Housing Variables      
Structural Characteristics N Mean SD Min Max 
area of the floor for dwelling 30104 55.01 55.78 5 901 
number of rooms 30104 3.83 1.68 1 15 
beaten earth 30104 0.42 0.49 0 1 
hardened dung 30104 0.01 0.10 0 1 
Clay tiles 30104 0.03 0.17 0 1 
Cement 30104 0.51 0.50 0 1 
Other floor material 30104 0.00 0.05 0 1 
single house for dwelling 30104 0.73 0.44 0 1 
Multi-story building 30104 0.00 0.06 0 1 
Group of enclosed dwellings 30104 0.04 0.20 0 1 
Environmental Characteristics      
flushing toilet 30104 0.09 0.29 0 1 
pit latrine with solid slab 30104 0.75 0.43 0 1 
pit latrine without solid slab 30104 0.13 0.34 0 1 
no toilet 30104 0.03 0.17 0 1 
piped into dwelling 30104 0.03 0.18 0 1 
piped into yard 30104 0.27 0.44 0 1 
public standpipe 30104 0.31 0.46 0 1 
Borehole 30104 0.01 0.12 0 1 
protected well 30104 0.02 0.14 0 1 
unprotected spring 30104 0.21 0.41 0 1 
rain water 30104 0.02 0.12 0 1 
tanker truck 30104 0.00 0.05 0 1 
electricity from RECO RWASCO 30104 0.46 0.50 0 1 
other electric distributors 30104 0.01 0.11 0 1 
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Biogas 30104 0.00 0.02 0 1 
 firewood 30104 0.02 0.12 0 1 
 Oil lamp 30104 0.11 0.31 0 1 
Candle 30104 0.08 0.27 0 1 
Lantern 30104 0.24 0.43 0 1 
Solar panel 30104 0.00 0.04 0 1 
Piles 30104 0.08 0.27 0 1 
Neighborhood Characteristics      
umudugudu 30104 0.16 0.36 0 1 
unplanned clustered rural 30104 0.07 0.25 0 1 
isolated rural housing 30104 0.23 0.42 0 1 
aglomeration 30104 0.05 0.22 0 1 
Unplanned urban housing 30104 0.47 0.50 0 1 
 
 Table V displays the mean of important control variables used in my research. From this 
it shows the mean size of the floor area (areafloordwelling) is 55 square meters with the 
minimum of 5 and the maximum of 901 square meters. The average number of rooms 
(numborooms) is about 4 rooms per households with the minimum being 1 and the maximum 
being 15 rooms. Furthermore, 42% of households live in houses with main floor material made 
of beaten earth (beatenearth), while 3% of houses have main floor material made of clay tiles 
(claytiles). The average number of houses with floor made of cement is 51% and the standard 
deviation is 50%. The mean number of people living in a single house in urban Rwanda is 73% 
with a standard deviation of 44%. 
For the environment amenities, the summary statistics show the results for sanitation 
variables. The average number of households having access to flush toilet (flushtoilet) is 9% 
with the minimum 0 and the maximum 1. However, the average proportion of households using 
pit latrine with solid slab (pitlatsolslab) is 75%, and the average for those using pit latrine 
without solid slab (pitlawitslab) is 13%. The average proportion of households with no toilet 
whatsoever in their houses is 3%.  For access to drinking water, the mean number of people 
relying on piped into yard (pipedintoyard) as their main source of drinking water is 27% with a 
standard deviation of 44%. Additionally, 31% of households depend on public stand pipe 
(publicstandpipe) for their main source of drinking water. The mean number of households that 
rely on (unprotspring) unprotected spring for their main source of drinking water is 21%. 2% of 
households depends on rain water for their main source of drinking water.  
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   For sources of lighting, 46% of urban residents have electrical connections from the 
Rwandan electrical company. Households in Rwanda also use other forms of lighting. The 
average proportion of households using oil lamp is 11%, lantern 24% and candle 8%.  
 For neighborhood attributes, 16% of urban residents live in the umudugudu and 23% in 
isolated rural dwellings. 47% of urban dwellers live in unplanned urban areas.  
 
6. Interpreting the hedonic pricing model 
The resulting estimations of the linear and semi-log are presented in Table A in the A 
appendix. As stated in the model, determining the factors influencing housing prices in Rwanda 
relies on the semi-log model. Although the combined table presents both findings for the linear 
and the semi-log model, I will only be going to interpret results for the semi-log. These results 
show the effects of the explanatory variables on the variations on housing prices in Rwandan 
urban centers. The R2 of about 84% has strong explanatory power, and shows that the selected 
variables explain most of the variations in housing values in Rwanda.  
  Within the urban centers this model attributes the bulk of variations of property values to 
structural attributes such as the number of rooms, beaten earth, clay tiles, hardened dung, multi-
story building, and group enclosed dwelling. All 10 variables related to structural characteristics 
are all statistically significant, which means greater importance is given to these attributes in 
housing decision-making. 
Among the environmental characteristics, 15 out of 20 environmental amenities are also 
statistically significant at 5%, 1% and 0.1 % levels. Of those 15 amenities, 3 important sanitation 
variables are for flushing toilet, pit latrine with slab and pit latrine without slab. These variables 
are significant and have positive effects on property values. Other variables for drinking water 
sources are statistically significant and have positive effect on property prices. For instance, if a 
property has piped water, piped water into the yard or is located near a borehole, a public stand 
pipe, buyers put more weight on these attributes and are willing to pay additional prices to have 
access to these amenities. 
Being able to have electrical connections and other forms of lighting is vital to urban 
households in Rwanda. Houses with electrical connections and solar panels play a greater part in 
the variations of property values since the coefficients for these attributes are statistically 
significant at different levels. This means landlords and property owners attach higher values to 
these attributes. Similarly buyers would like to be supplied with electrical connections and solar 
panel in their homes. 
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For the neighborhood characteristics, all the 5 variables are statistically significant at .1% 
level, though they negatively affect housing prices. These variables are: umudugudu, unplanned 
urban centers, isolated urban areas, and unplanned areas. Each has a negative impact on property 
prices.  
6.1 Discussion of the Results 
This discussion focuses on environmental amenities. The availability of environmental 
amenities such as a piped into dwelling, a piped into yard, a public standpipe, a borehole has a 
positive impact on the property value in urban areas in Rwanda. Buyers are willing to pay higher 
prices to access these environmental benefits in order to improve their quality of life. For 
example, the presence of a piped into dwelling, a piped into yard, a public stand pipe and a 
borehole in a neighborhood increases the property value by about 37%, 45% 17% and 25% 
respectively.  
Additionally, other environmental amenities such as flush toilet, pit latrine with or 
without slab and having no toilet are positively related to housing prices. These amenities 
increase housing price with their availability in urban properties. For example, a property with 
these environmental amenities sees its price rise by about 81.6%, 33%, and 21.1% for flush 
toilet, pit latrine with slab and without slab respectively. These amenities are important to 
renters. These findings suggest that if property owners are willing to provide renters or buyers 
with these attributes, rental prices would be increasing by these rates. 
Electrical connections and other forms of lighting also have positive and statistically 
significant effects on prices. These strong coefficients imply the higher importance attached to 
these attributes by households. If a household uses electricity provided by the Rwandan 
Electrical Company (Rwasco), the rental or property value increases by 87.3% in urban Rwanda. 
Additionally, using electricity from other providers raises property values by 66%. These results 
are consistent with the findings of Sumila et al. (2012) who prove that in the slums of Dakar and 
Nairobi rent increases with unit size. Rent also increases for units that have electricity.  
The quality of the neighborhood also impacts the housing prices. The coefficients of 
neighborhood attributes such as umudugudu (village)4, unplanned rural, isolated rural and 
unplanned urban areas are all significant but reduce property value. For example, the value of a 
property located in an unplanned urban area decreases by about 15 %. A property located in an 
                                                          
4
 Umudugudu are basically planned settlements. There is a push by the government to consolidate agricultural lands 
and to reduce the number of informal settlements. There is not enough space here to cover the controversies of the 
government planned settlements or the policy of relocation. The Umudugudu push has produced mixed reactions.  
20 
 
umudugu-housing for displaced and low-income people- decreases by 51.4%. These results 
suggest that quality and location of the neighborhood could be important factors influencing 
housing prices. This attitude was also confirmed by Ezra (2006) who found that plots located in 
more accessible locations tend to attract higher values, and are developed faster than those in 
hidden locations without any roads. 
6.2 Willingness to pay for environmental amenities 
By analyzing the determinants of urban property values, we obtain information on the 
attributes that households will be willing to pay more to have access to. Urban households pay 
significant value to have access to housing infrastructure and public amenities. The coefficients 
for access to water are statistically significant and positively affect housing prices. Environment 
amenities such as having piped into the dwelling, piped into yard, public standpipe, borehole, 
ability to fetch rain water, tanker truck confer greater value to residents and they are willing to 
pay higher prices for them to maximize their utility. For instance, an urban household in Rwanda 
is willing about 15,000 RWF or USD$22.10 per month for a piped into the dwelling. In addition, 
the same household is willing to pay about $27 or 18,132.36 RWF per month to have a piped 
into yard, and $10 or 6,789.47 for using a public standpipe in his/her neighborhood. About $15 
or 10,000 RWF per month is the cost to a household for using a borehole as main source of 
drinking water. A household is also willing to pay $27.28 or about 18,417 RWF to access water 
from a tanker truck in an urban neighborhood.  
These results are consistent with the work of Quigley (1982). Quigley (1982), for 
example, used the hedonic approach to estimate the willingness to pay for specific housing 
characteristics by low-income residents of Santa Ana, El Salvador, and found a positive 
relationship between the presence of piped water and the rental value of the dwelling. Daniere 
(1994) also found access to potable water has significant and positive effects on urban housing in 
Manilla, Philippines.  
Access to electricity is also vital to urban households, and the results show that the 
coefficients for electrical connections are all statistically significant and positively impact 
property values. Randall et al. (1997) found that in Bangkok legal access to electricity is valued 
by owners at up to $868, and renters about $100, and he suggests this feature nearly triples home 
values and doubles rent.  An urban Rwandan household pays $52.58 or 35,492.26 RWF per 
month to have access to electrical connections provided by RWASCO, the Rwandan electrical 
company. A same household pays 26,832.63 RWF or about $40 per month to use electivity from 
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other energy providers. The Rwandan results are consistent with the work of Randall and 
Daniere (1997) in Bangkok and Jakarta. Similarly to Rwandan residents, residents of Bangkok, 
for example, are willing to pay most for access to electricity. 
The analysis of environment attributes also implies that an urban household would have 
higher willingness to pay for sanitation attributes if they were provided in a particular urban 
property. The coefficients for flushing toilet, pit latrine with solid slab and pit latrine without 
solid slab are strong and statistically significant at 0.01%.  They increase housing value if 
provided in a property. A household would be willing to pay 33,174.89 RWF or about $49 per 
month, and 13,416.31 RWF or $20 per month, 8,578.31 or about $13 per month for having a 
flushing toilet, pit latrine with solid slab and pit latrine without solid slab. 
7. Conclusion and Policy Recommendation 
7.1 Conclusion 
This study seeks to understand the factors influencing urban land and property price. I 
also look at how these factors can affect the wellbeing of urban residents in terms of access to 
housing amenities such as safe water, good sanitation, and other social and economic 
infrastructure. The identification approach used for this study is the hedonic price model. The 
logarithmic forms only is used in this study since it provides a better interpretation of the 
coefficients. 
In the chosen semi-logarithmic model, the dependent variable is logged and regressed 
against the vector of selected housing characteristics. The semi-log hedonic price provides more 
accurate housing price estimates than the linear model. It gives the percentage change in price 
given a unit change in a particular explanatory variable. 
The data used for this research is secondary data gathered by the National Institute of 
Statistics of Rwanda between 2010-11. The data type is a survey intended to measure income, 
expenditures, and household living conditions. The national survey covers both rural and urban 
centers of Rwanda. The observations from the rural centers of Rwanda have a total of 170,343, 
while the urban areas have a total of 30,104 observations. However, this study focuses only on 
the urban centers because it is a dynamic market dominated by both formal and informal sectors. 
This paper uses the characteristics analysis of structure-environment-neighborhood and 
36 variables related to housing characteristics and amenities: some discrete and other categorical 
collapsed in a larger vector. I adopt the Ordinary Least Square (OLS) model with the semi-
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logged dependent variable to build the hedonic price model for the determinants of urban and 
property values in Rwanda. The model attributes most of the variations in property price to 
structural characteristics. The semi-log model indicates that all (10) variables related to structural 
are statistically significant, which means greater importance given to these attributes in housing 
decision-making. Among environmental amenities, 15 out of 20 variables are also statistically 
significant at 5%, 1% and 0.1% levels. Variables for water, sanitation and electrical connections. 
are statistically significant and positively affect property prices.  
Though this study holds its originality in that it is the first research done on the 
determinants of urban land prices in Rwanda and its effects on the wellbeing of people, its 
limitation is that it relies on secondary data for its estimations. I can ask myself if the results 
would be different if I had used primary data. It would be also interesting to find out if the trend 
observed in urban centers would be the same in rural centers. Finally, the research does not take 
into account important variables in housing estimations, such as urban expansion, age of 
housing, occupations of heads of households, the size of households etc. These could affect 
housing price in the Rwandan context. Further research in these areas would complement this 
original research. 
7.2 Policy Implications 
The analysis that there is a population that is already paying significantly higher prices to 
have access to housing infrastructure and other public amenities. Environmental amenities such 
as having a public stand pipe into yard, tanker truck, a borehole, and electricity in the 
neighborhood confer greater value to residents. Therefore they are will willing to pay higher 
prices for amenities to maximize their utility. For instance, a household in Rwanda is willing to 
pay USD$10 or 6,789.47 RWF, about $27 or 18,132.36 RWF per month to access a public stand 
pipe and pipe into yard. $27.28 or about 18,416.95 RWF to access to a source of drinking water 
such tanker truck.  Finally, an urban household pays 14,920.57 Rwf or $22.10 per month for 
piped water into the dwelling. 
The willingness-to-pay analysis indicate that urban Rwandan households are willing to 
pay most for having electrical connection in their properties. The monthly payment for electricity 
is the highest of environment attributes.  For example, a Rwandan household pays $52.58 or 
35,492.26 RWF per month to have access to electrical connections provided by RWASCO. A 
same household pays 45,940.72 Rwf or $67.67 per month for a house with solar panel. 
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 The willingness-to-pay results indicate that the availability of water sources and electrical 
connections are considerable attributes for urban households. They attach greater values to these 
amenities since environment amenities increase their utility. The availability of environmental 
attributes in a property weights more on their housing decision making. As such, they are willing 
to pay more to live in a neighborhood or an urban property with these amenities.  
These results have significant policy implications. Access to potable water and electricity 
improves the conditions of low-income neighborhoods in urban and peri-urban centers, and 
residents are willing to contribute for the availability of them in their neighborhoods or houses. 
These factors are pressing development needs. Access to power seems more important than 
anything else. The lack of access to electricity means children cannot do homework, food spoils, 
women give birth by candle light, and cooking is done on basic stoves using wood or dung as 
fuel. Furthermore, families can spend hours collecting fuel from forests or fields, and when it is 
burned indoors, it creates pollution that can kill millions (The Economist, March 2014, p. 76). 
For policy planning purposes, these recommendations might be taken for the provision of 
quality housing:  
 Infrastructure and environment management should be oriented toward greater 
attention to users. Housing and urban designs should take into account the needs 
and community input into the planning process to successfully determine whether 
program benefits exceed program costs. 
 In urban planning and development, the Government of Rwanda, policy makers 
and real estate developers ought to learn not only what urban residents want and 
will use, but what they are willing to pay as well for access to basic services.  
 Water and electrification projects should be designed based on consumers’ needs, 
demands and their willingness-to-pay. The choice of the right package of services 
is vital to promote cost-recovery (Buckley and Kalarickal (2005). 
 The “cost-recovery” of water and electrical projects should depend on the 
demonstrated willingness-to-pay of urban residents to pay much, if not all, of the 
good-quality water or electricity. This approach provides both urban residents, 
policy makers and real estate planners with a larger set of opportunities to 
improving living conditions. 
 No subsidy of infrastructure investment for the poor urban residents since fiscal 
pressures can lead to delays in getting those facilities built. The poor, the neediest 
24 
 
from a health standpoint, suffer as a result even though they may be willing to 
contribute significant funds toward the investment themselves. 
 Water projects ought to be subsidized to some extent through either government 
or donor funds because the poorest households (those in umudugudu, unplanned 
urban areas) cannot afford what average households are able to afford. Offering, 
for instance, public standpipe at no costs to all households would be equivalent to 
making cash offers of $10 a month to renters. This gift would make the most 
difference.  
 Policy makers should include low-income households in their cost-recovery 
efforts for projects providing convenient access to clean water and sanitation. 
Assuming that these projects are implemented carefully and equitably even the 
very poor would be willing and be able to pay for these services when faced with 
few alternatives. 
 The poor would get benefits of these projects. The poor have limited access to 
dependable sources of clean water. They often pay private sector intermediaries 
much more than other residents. The poor would be willing to pay the full cost of 
a municipal distribution bringing in-house water (World Bank, 1994; Crane, 
1994b). As such the poor would benefit from a price structure that improved their 
access to water. 
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Appendix A: 
Table: Regression Output for the Rwandan   Housing Market 
Dependent Variables: Log Rent price & Rent Price (Pr) in Rwandan Franc (Rwf) 
  
(1) (2) 
Control Variables Lrentprice Pr 
Structural Attributes LOG LINEAR 
Area of floor for dwelling 0.003*** 
(0.00) 
.264*** 
(.038) 
Number of rooms  0.154*** 
(0.005) 
3.878*** 
(0.697) 
beaten earth -0.413*** 
(0.025) 
1,995* 
(1.119) 
hardened dung -0.252*** 
(0.037) 
-1.70 
(1.411) 
clay tiles 0.691*** 
(0.035) 
115.169*** 
(7.057) 
Cement 0.231*** 
(0.026) 
3.107** 
(1.344) 
other floor materials -0.470*** 
(0.106) 
1.48 
(3.327) 
single house dwelling -0.016 
(0.014) 
-3.801 
(.872) 
multi-story building 0.242*** 
(0.088) 
368,611*** 
(85.99) 
group of enclosed dwelling 0.169*** 
(0.024) 
16.075*** 
(2.760) 
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Environmental Attributes 
flushing toilet 0.816*** 
(0.03) 
70.60*** 
(3.34) 
pit latrine with solid slab 0.330*** 
(0.026) 
-1.45** 
(.704) 
Pit latrine without solid slab 0.211*** 
(0.028) 
-.604 
(.739)  
piped into dwelling 0.367*** 
(0.039) 
57.828*** 
(10.246) 
piped into yard 0.446*** 
(0.019) 
19.508*** 
(1.240) 
public standpipe 0.167*** 
(0.016) 
-1.652** 
(.690) 
Borehole 0.245*** 
(0.049) 
-1.675 
(.679) 
protected well -0.039 
(0.037) 
-0.139 
(.937) 
unprotected spring -0.070*** 
(0.017) 
-2.023*** 
(.554) 
rain water 0.070* 
(0.039) 
-3.871 
(1.912) 
tanker truck 0.453*** 
(0.065) 
2.0** 
(.914) 
electricity from RWASCO 0.873*** 
(0.041) 
18.515*** 
(2.447) 
other electric distributors 0.660*** 
(0.05) 
29.017*** 
(6.469) 
Biogas 0.092** -18.251 
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(0.044) (3.022) 
Firewood -0.649*** 
(0.046) 
3.41 
(2.335) 
oil lamp 0.106*** 
(0.039) 
-0.801 
(2.263) 
Candle 0.139*** 
(0.042) 
5.658** 
(2.271) 
Lantern -0.093** 
(0.037) 
1.37 
(2.213) 
solar panel 1.130*** 
(0.049) 
15.184*** 
(2.610) 
Piles -0.265*** 
(0.039) 
2.09 
(2.216) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Neighborhood Amenities 
umudugudu (Village) -0.514*** -6.60 
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(0.032) (7.724) 
unplanned rural housing -0.739*** 
(0.034) 
-16.407 
(7.120) 
isolated rural housing -0.728*** 
(0.032) 
-15.95 
(7.14) 
Agglomeration -0.765*** 
(0.036) 
-18.267 
(6.905) 
unplanned urban housing -0.147*** 
(0.029) 
-15.646 
(6.536) 
Constant 9.418*** 
(0.062) 
8.13 
(7.130) 
20,261 20,261 Observations 
R-squared 0.84 0.521 
Robust standard errors in parentheses 
*** p<0.01, ** p<0.05, * p<0.1 
 
 
 
 
 
Interpreting the Coefficients for the Semi-log Model:  
In the semi-log regression model, the marginal or ceteris paribus effects of the independent 
variables can be inferred from the coefficients presented in the above regression output. For 
instance, a statistically significant coefficient of said -0.4732 for beaten earth implies that, all 
else being equal, floor material made of beaten earth decreases the rental price by        (e-0.4732
-
 1) 
* 100= 37.69%. 
 
 
 
  
 
 
Table A: EICV data distribution by Provinces
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Table B: EICV data distribution for urban 
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Computing the willingness to pay:
• The Willingness to pay for housing attributes is found by using the average log o
price. This average 40,655.51Rwf or USD$60
chosen attributes to find how much a household is willing to pay to have access to a 
particular attribute. For instance, 
• Mean = 40,655.51 Rwf * its coefficient from the regression output. Thus, a parti
is willing to pay (40,655.51*.167) = 6789.47 Rwf
• For a borehole: 40,655.51 *.245 = 9960.59 Rwf or $14.67
 
 
34 
 
 is then multiplied by the coefficient of the 
The price of a public standpipe in a neighborhood is: 
 or USD$10 (1USD= 675.00 Rwf).
 
 
f rent 
 
cular HH 
 
 
